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LINEAR INDUCTION MOTORS
WITHOUT LONGITUDINAL EDGE EFFECT

Background: At high speeds of motion of the magnetic levitation transport (MLT),
linear induction motors (LIM) have a secondary longitudinal edge effect (SLEE). SLEE
occurs when magnetic field of inductor interacts with the currents of the secondary element
(SE) outside the MLT vehicle. SLEE reduces the efficiency of traction of LIMs. Therefore,
the task of reducing the influence of SLEE is relevant.

Aim: Development of and research into a linear induction motor without a secondary
longitudinal edge effect.

Methods: To achieve this aim, new designs of linear induction motors have been
proposed, which do not have SLEE. The secondary element of the LIM (track structure of the
MLT) is made of cylindrical conductive rods installed with the possibility of rotation. LIM of
the MLT is equipped with two brushes that close the rods of the secondary element within the
length of the inductor. When the MLT vehicle moves, the rods outside the inductor are not
closed by brushes and there is no current in them. There will be no SLEE. Another method to
solve this problem is to use reed switches to close and open the rods of the secondary element.

Results: The possibility of increasing the efficiency of the linear induction motor has
been achieved.

Keywords: linear induction motor, secondary longitudinal edge effect, magnetic
levitation transport, rods of the secondary element winding, carbon brushes, reed switches.
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O0ocHoBanme: IIpu BBICOKMX CKOpPOCTSIX JBMJKEHUS MarHUTHOJIEBUTAL[MOHHOTO
tpancnopta (MJIT) y nuneiiHbIX acuHXpOHHBIX JnBurarenei (JIAJ]) Bo3HMKaeT BTOPHUUYHBIN
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poI0JIbHBIN KpaeBoi agdexT (BIIKD). BIIKD Bo3HHKaeT MpH B3aUMOICHCTBUM MAarHUTHOTO
OJIs1 MHIYKTOpa ¢ TOKaMHu BTOpu4HOTO 31emenTa (BD) 3a npenenamu sxunaxa MJIT. BITKD
CHIDKaeT Ko3(dduiument mnosiesnoro aerctBus TAroBeix JIAJL. [losromy akTyanbHa 3amada
cumxenus Bnusaus BITKD.

Hean: Pa3zpaboTka W wuCCleOBaHUWE JIMHEWHOTO AaCHHXPOHHOTO JBUTAaTEeNst 0e3
BTOPUYHOTO MPOJOJIBLHOTO KpaeBoro sddexra.

Metoapl: /[nsa peanu3anuy MOCTABJICHHOM LENM NPEIIOKEHBI HOBbIE KOHCTPYKIIUHU
JIMHEIHBIX aCUHXPOHHBIX JIBUraTelel, y KoTopelx oTcyTcTByeT BIIKD. BropuuHslii anemeHT
JIAJL (myreBasi ctpykrypa MJIT) u3rotoBieH u3 MpOBOASAIIMX HMIJIMHAPUUECKUX CTEPIKHEH,
YCTAaHOBJIEHHBIX C BO3MOXHOCTbIO BpamieHus. Tsaroebii JIAJI MIJIT cHaGxkeH nByms
LIETKaMH, KOTOpbIE 3aMbIKAIOT CTepHU BD B mpenenax mumHbl uHayKTOpa. [Ipn nBmxeHnn
sxkunaxxa MJIT crep:xHM 3a mpenenaMy HHIYKTOpA IETKaMU HE 3aMKHYTBI, U TOKAa B HUX HET.
He 6yner u BIIKD. Eme oaua MeTo pelieHus TaHHOM 3aJaui — UCTIOJIb30BaHUE TePKOHOB
JUTSL 3aMBIKAHMS M pa3MBbIKaHUS CTEPKHEN BTOPUYHOTO JIEMEHTA.

PesyabTaTnl: JlocTUrHyTa BO3MOKHOCTH YBEIHWYEHMsS] KOA(PGUIUEHTa IOJE3HOTO
nevicteus JIAJI.

Kniouegvie cnoea: NVHEVHBII aCUHXPOHHBIM JBUTaTEllb, BTOPUYHBIN MPOIOJIBHBIN
KpaeBol >(PQeKT, MarHUTHOJEBUTALIMOHHBIM TPAHCIOPT, CTEPKHH OOMOTKH BTOPHUYHOTO
3JIEMEHTA, YTOJIbHBIE IIETKH, T€PKOHBI.

Introduction

Magnetic levitation transport (MLT) will enable construction of new
corridors between the eastern and western parts of Russia, reduction of ride time
of passenger and cargo transport through high speed. Magnetic levitation and
vacuum transport (VMLT) can drastically change direction and intensity of
cargo turnover in the world, which will encourage technical progress and
economic growth of many countries. The issues relating to design and
development of MLT are points of interest in industrially developed and even
developing countries. In Russia, the issues and tasks relating construction of,
research into and application of MLT are addressed by engineers and scientists
of a number of organisations, including Emperor Alexander | St. Petersburg
State Transport University (PGUPS), on the basis of which the Scientific
Educational and Engineering Cluster “Russian Maglev” has been established,
the Russian University of Transport (RUT-MIIT), Rostov State Transport
University (RGUPS), as well as research institutes and industrial enterprises
[1-7, 15]. For traction motor in MLT and VMLT the linear electrical drives are
designed. The paper covers linear induction motors (LIM) which can have ways
for closing of magnetic fluxes in longitudinal, transverse and longitudinal-
transverse directions. Operation of high-speed MLT will require considerable
material resources, and tasks to reduce their consumption are relevant. During
operation of LIMs as traction motors in high-speed MLT, the secondary
longitudinal edge effect (SLEF) arises, which reduces efficiency rate of MLT
system.
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AIM

The aim of the paper presented is development of new LIM designs that
would be able to function without the secondary longitudinal edge effect and
that would have increased efficiency rate. SLEF is especially noticeable at high-
speeds, therefore it is required that the traction LIMs for MLT and VLMT
should be improved.

LINEAR INDUCTION MOTOR DESIGN

Research issues relating to the processes justified by final sizes of linear
induction motors are to a greater or lesser extent touched upon in the works
[8-19]. Still there are no publications dedicated to LIMs having no secondary
longitudinal edge effect. The development of LIMs without SLEF rests on the
idea about full absence of current in the electrically conductive part of the
secondary element (SE) of the machine, located outside the area of inductor. Let
us consider the first variety of LIM design. The secondary element (core) of
LIM embedded, into the guideway of MLT, has a short-circuit winding,
consisting of round conductive rods, oriented perpendicularly to the vehicle
movement and installed rotatably. The main feature of this linear induction
motor is that the winding becomes short-circuited only under LIM inductor
which is located in the vehicle. The conductive rods under LIM are short-
circuited by means of two carbon brushes located on both sides of the inductor
core and being equal in length to it. The structural schematic of such a traction
linear induction motor is shown in Fig. 1.

The linear induction motor has an inductor 1, consisting of the core and a
three-phase winding. The inductor is fixed on the plate 2 made of non-
conducting material (Fig. 1a). The secondary element (MLT guideway) consists
of the core 3 of cylindrical conductive rods 4, located rotatably in the grooves of
the core (Fig. 1, 6). Within the length of LIM inductor, the rods 4 are closed by
brushes 5 of conductive material. The brushes are placed on both sides of the
inductor and are firmly connected by the plate 2. The ends of conductive rods 4
are located in the bearings 6 Fig. 1b).

The operation principle of the linear induction motor in question is
following. When the three-phase current is fed to the inductor winding, the
longitudinally travelling magnetic field is excited. The travelling magnetic field
crosses the winding rods of the secondary, which are located under the inductor
(Fig. 1b), and induces electromotive forces in them. The rods under the inductor
are short-circuited by conductive brushes and form a short-circuited winding, as
a result of which under the electromotive forces, the currents will flow in the
rods, interacting with the travelling magnetic field. As a result, the traction force
Is created, that moves the inductor of LIM (MLT vehicle). While moving, the
inductor (onboard of MLT) constantly changes its positioning, and the brushes
open the rods, which are left behind the vehicle. There can be no currents in
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these rods, and so there will be no power losses, and thus the efficiency rate of
traction LIM and MLT systems in general increase, reducing the operational
costs of a new transport mode.
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Fig.1. Linear induction motor with closing brushes, a)
and secondary element winding, b).

1 — inductor with three-phase winding;

2 — plate made of insulation material;

3 — secondary element core;

4 — cylindrical conductive rods of secondary element winding;
5 — brushes made of conductive material;

6 — bearings.

The significant weaknesses of the LIM presented are the friction between
the brushes and the rods and emergence of sparks in the brush-rod interface
when the circuit is broken during the movement of the high-speed MLT vehicle.
These weaknesses are not present in the second design variant of linear
induction motor without SLEF, electrically conductive winding rods of the
secondary element of which are closed by the common conductive bus on one
side, and on the other side, between each pair of rods, there are magnetically
controlled contacts (reed switches) electrically connected with the rods. The
design of LIM is shown in Fig. 2.

The linear induction motor has the inductor 1 with ferromagnetic core and
three-phase winding 2. The inductor of LIM is equipped with the permanent
magnet 3 (Fig. 2a). The secondary element (guideway) consists of the
ferromagnetic core 4 and the winding 5 (Fig. 2b). The winding of the secondary
element consists of conductive rods 5, closed on one side by the common bus 6
(Fig. 2b). On the opposite side, between each pair of rods, there are magnetically
controlled contacts (reed switches) 7 installed, that are electrically connected
with the rods of the winding 5. The reed switches 7, located under the permanent
magnet 3 (under MLT vehicle), are closed.

Received: 15.06.2019 Revised: 07.07.2019 Accepted: 15.07.2019
Moctynuaa: 15.06.2019 Opno6pena: 07.07.2019 Ipunsita: 15.07.2019



64 TPAHCHOPTHBIE CUCTEMbI U TEXHOJIOT'HH OPUI'MHAJIBHBIE CTATbH
TRANSPORTATION SYSTEMS AND TECHNOLOGY ORIGINAL STUDIES

/L
N

e
7 7

Fig. 2. Linear induction motor with closing reed switches, a)
and secondary element winding, b).

1 — inductor;

2 — three-phase winding of inductor;

3 — permanent magnet;

4 — secondary element core;

5 — conductive rods;

6 — bus;

7 — magnetically controlled contacts (reed switches).

The second design variety of linear induction motor without SLEF
functions as follows. The connection of the inductor to the source of a three-
phase current leads to creation of the travelling magnetic field, crossing the rods
of the windings of the secondary element and inducing the electromotive forces
in them. The rods of the secondary element winding, located under the inductor,
form a short-circuited winding, because the reed switches contacts under the
magnetic field influence of the permanent magnet will be closed. Under the
influence of the electromagnetic force, in the winding of the secondary element
the currents will flow. Interaction of the travelling magnetic field with the
currents in the winding of the secondary element creates traction force, moving
the vehicle of MLT. As the vehicle moves, in the approaching parts of the
secondary element under the influence of the permanent magnet field, the new
reed switches contacts are closed, forming a short-circuited winding other part
of the guideway of MLT, whereas in the escaping parts of the secondary element
(“set free” from the inductor of LIM) the reed switch contacts are opened, and
outside the inductor area (vehicle) the currents will not flow. The secondary
longitudinal edge effect in this case will be fully absent. The short-circuited
winding itself of the secondary element under the inductor of the travelling MLT
vehicle is created without any friction, which increase efficiency rate of the
linear induction motor.
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SLEF INFLUENCE ON LIM PERFORMANCE

The currents in the conductive part of the secondary element of LIM flow
under the influence of transforming electromotive force and electrodynamic
force of “movement”. At low speeds of MLT the former has greater
significance, whereas at high speeds it is the latter that is of greater significance.
Based on theoretical considerations and experimental data, the relation has been
obtained that enables calculation of electrical losses of power in the secondary
element, emerging as the result of the secondary longitudinal edge effect

2,65(171+3f5) Tl'vl
Pus. = Bso Dz vz i v, +6-f-8 +70.f '

1075,

where B,, — magnetic induction in the air gap in the centre of the inductor;
A, — cross section of the conductive part of the secondary element;
Y2 — electrical conductivity of the rods of the secondary element;
v, — velocity;
S — air gap;
f — current frequency;
T, — coefficient depending on electrical conductivity of the secondary element.

All units of measurement are given in Sl, the result is expressed in kW,

Experimental studies carried out on the arc-type stator bench have shown
that at speeds of 215 km/h, the 1.5 kW LIM through losses caused be SLEF had
efficiency rate decreased by 12 %.

CONCLUSIONS

1. The relation has been obtained enabling consideration of the influence
of the longitudinal edge effect on the performance of the traction linear
induction motors of MLT,

2. Experimental researches undertaken confirmed great influence of the
secondary longitudinal edge effect on efficiency rate and traction force of the
linear induction motor.

3. The designs of the linear induction motors proposed enable excluding
the influence of SLEF and increasing efficiency rate of LIM and MLT in
general.
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